data has surged. Businesses that can take advantage of these opportunities could have much to gain.
In 2011, the European Commission estimated the economic impact of directly and indirectly using public-sector information in the 27 countries then in the EU to be about $140 billion annually. 5 From 2012 to 2013, we conducted Next Media Hyperlocal, an industry-academia project studying open datasets and the design of services that exploit them (http:// virtual.v t t.fi /virtual /nex tmedia /255689/en/read/page.html). 6, 7 We gathered and analyzed information from Apps4Finland, an open-data innovation contest (see the sidebar). We interviewed key personnel at 14 companies involved in the contest and examined the firms' roles in the open-data value network. Here, we discuss those roles and their implications for entrepreneurs looking for business opportunities and professionals in companies with underused data resources.
Open-Data Business

Open
Knowledge-a nonprofit group that promotes information openness-says data or content is open if people can freely use, reuse, or redistribute it for any purpose (http://opendefinition.org). The only requirements might be to attribute the source of and share the results obtained with the data.
This makes several commercial service-oriented endeavors possible, even for businesses that don't own any data.
Roles in the Open-Data Ecosystem
To create sustainable open-data businesses, organizations must understand the open-data value network's five roles. When linked,
0 7 4 0 -7 4 5 9 / 1 6 / $ 3 3 . 0 0 © 2 0 1 6 I E E E FOCUS: THE BUSINESS OF SOFTWARE these roles-whose relationships are shown in Figure 1 -form a dataprocessing chain that enriches raw data into valuable content. The division of work in the resulting open-data community is based on how the information is combined and enriched. 8 Open-data publisher. Public organizations such as municipal, state, or federal governments often make data available for use by others. For example, we looked at the Helsinki Regional Transport Authority, a local public agency that developed a free API that provided access to information that service providers could use to help customers with trip planning. The information included public-transportation routes and timetables, service disruptions, and live data for vehicle location and tracking.
Developers used the API to create about 30 mobile trip-planning applications. Finding data sources on their own and buying the information necessary to provide the services would have been dif cult and costly. Meanwhile, the transport authority reaped signi cant nancial gain by opening its data because it didn't have to develop the applications and maintain clients for different mobile platforms. The public was willing to use and in many cases pay for tripplanning clients created by thirdparty service providers.
Government agencies could bene t from openly releasing material by demonstrating transparency and providing a public service.
Private companies could obtain similar bene ts. However, they might be more reluctant to release information because they store a lot of proprietary, employee, and customer data that they want to keep private.
Openly releasing data could be particularly important if it attracts numerous interested parties who could provide many types of useful analyses and services that otherwise would not be available. This has already been done with information released by the print media. 
FOCUS: THE BUSINESS OF SOFTWARE
estimate these tasks consumed at least 50 percent of their total work time. Nonetheless, many of the companies in our study performed extraction and transformation for themselves because they couldn't find data that was preprocessed for their needs.
We interviewed one group that offers free, community-driven open source tools that ease data extraction and transformation via free scripts that fetch and convert data from public sources for further processing. Many organizations told us that they appreciated the group's work but that the tools couldn't find the information they desired, forcing them to perform data extraction and transformation themselves.
Commercial opportunities might exist for companies wishing to fill this role. However, offering individual datasets that are diverse enough for multiple customers might be difficult. And providing different datasets for individual customers would be time-consuming and costly.
Data analyzer. Companies in this role gather and analyze data, often from multiple sources. In our study, these companies were the most successful.
For example, one company in our study uses open data, as well as private data acquired from Finnish firms, to produce credit ratings and other financial information for sale. Another company analyzes business' financial data and draws an easy-tovisualize, tree-shaped image of their balance sheets.
Many analysis services are based on information that is available for long periods of time and kept up to date, such as traffic and weather data. In these cases, it is critical that the information be provided on an ongoing basis in either a standardized format or via API calls.
User-experience provider. These businesses gather and combine data sources and offer user interfaces or mashups for manipulating the data via a Web browser or mobile app.
For example, one company in our study created a website showing job advertisements enriched with additional information from other sources such as online maps, social media, financial data, and news feeds.
User-experience providers' revenue comes from selling mobile apps, website subscriptions, or advertisements shown within the apps or sites.
Support-service provider. These companies help the other four value-chain participants with open-data-related tasks. For example, they consult with clients on open-data release procedures, user-experience enhancement, and ways to utilize open data. They might also offer services such as website hosting or data storage. These companies can generate healthy revenue streams if they can maintain high service levels and availability.
Business Models
Research has shown that open-data service providers use many business models to create and capture value. 9 Software firms' business models consist of five basic interrelated elements: 10 • The offering is the service being provided and involves decisions such as how much customization is desirable and how the product is made available to customers. 
Looking to the Future
Several developments are necessary for open-data use to thrive.
A basic need is for data ownersparticularly those in the public sector-to make their information available to service providers. Public agencies collect valuable information but often don't have the resources to analyze it themselves. They could thus provide the data to analyzers as a service. 11 Toronto has an interesting open-data policy (http://toronto .ca/open) in which the city provides all its publicly available data in machine-readable formats for easy reuse and service development. Private services built on data provided by the city offer customers many types of valuable information such as restaurant health-inspection results and local beaches' water quality.
The next open-data frontier is private-company data, according to Benjamin Herzberg, the World Bank Institute's program lead for private sector engagement for good governance. 12 He reported on several companies that made their data openly available to provide greater transparency and accountability.
Regardless of the information source, developers will have to con-tinue creating novel services and resources to realize open data's potential.
Using third-party datasets can create managerial and commercial challenges. For example, maps and lake-depth scans in Finland are openly available. However, some lake-depth scans are performed by a private company that owns the information it gathers and does not allow its use as open data.
Another issue is that many applications that work with open data currently must use labor-intensive data-fetching mechanisms such as screen scraping, comma-separated values, and the analysis of unstructured text and spreadsheets. This is due to a lack of APIs and to data being available only in poorly structured or unstructured formats. 13, 14 Standardized APIs, data formats, and access protocols such as REST (Representational State Transfer) could simplify the process and allow easier reuse of both data and code. 11 In our research project, we also noticed that some recent open-data services were one-shot or shortterm projects by enthusiasts or individual developers. The problem with such services is that, even when users want to keep working with them, they die out quickly. Experts agree that for the open-data industry to expand, the services must be kept active longer by, for example, making them tenable over greater time periods.
Questions exist about how to ensure datasets' ongoing availability, which will require service providers to develop sustainable revenue models that give them an incentive to keep information up-to-date and accessible. They will also have to come up with unique services to stay in business.
There is a need for middle-tier data-provisioning and -cleansing 
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